Objective To compare respiratory compliance in late preterm infants (34 0/7 -34 6/7 weeks) who received antenatal steroids vs matched late preterm infants who did not receive antenatal steroids.
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Objective To compare respiratory compliance in late preterm infants (34 0/7 -34 6/7 weeks) who received antenatal steroids vs matched late preterm infants who did not receive antenatal steroids.
Study design This was a single-center prospective cohort study. Patients were matched for birth weight, gestational age, race, and sex. Respiratory compliance was the primary outcome measured with the single breath occlusion technique.
Results We studied 25 late preterm infants treated with antenatal steroids and 25 matched infants who did not receive antenatal steroids. The treated infants had a significantly increased respiratory compliance/kg (adjusted 95% CI 0.05, 0.49; P = .016) and fewer required continuous positive airway pressure (P = .007) or >24 hours of supplemental oxygen (P = .046). There was no difference in surfactant therapy.
Conclusions Respiratory compliance was significantly increased in this cohort of late preterm infants born at 6/7 weeks of gestation make up about 70% of all preterm deliveries and accounted for 6.9 % of all births in the US in 2015. [1] [2] [3] [4] Although this group of infants often appear mature, increasing epidemiologic evidence demonstrates they are at greater risk than term infants for mortality and morbidities including respiratory distress syndrome (RDS) and transient tachypnea of the newborn (TTN). 2, 5, 6 These newborns have a large impact on healthcare utilization compared with full term infants. 7 Meta-analyses have demonstrated that a single course of antenatal steroids significantly reduces mortality and RDS in preterm infants delivered before 34 weeks of gestation [8] [9] [10] and is the standard of care for threatened deliveries at these gestations. 9, 10 Because the incidence of RDS is lower after 33 weeks of gestation, initial randomized trials of antenatal steroid therapy included few patients more than 33 weeks. Therefore until recently, 11 there were few data available regarding the response or effectiveness of this intervention in late preterm infants. Examining gestational age birth data for 3 different time epochs, Joseph et al concluded that failure to provide adequate treatment with antenatal steroids at late preterm gestation may be partly responsible for the absence of a reduction in infant deaths associated with respiratory distress between 1995-1997 and 2002-2004 . 12 The recent multicenter, randomized trial 11 of antenatal steroids given at 34-36 weeks of gestation found a significant reduction in the rate of neonatal respiratory complications in treated infants. These findings have been endorsed by the Society for MaternalFetal Medicine. 13 We have used measurements of pulmonary function, specifically passive respiratory compliance (Crs), or lung distensibility, and functional residual capacity (FRC), or lung volume at the end of a normal expiration, as an objective and reproducible way of quantifying the effects of antenatal steroids on newborn pulmonary function. [14] [15] [16] These physiologic measurements correlate with clinical respiratory outcomes. We reported 14 that infants who remained undelivered greater than 14 days after a course of antenatal steroids, and who were then randomized to a single rescue course of antenatal steroids vs placebo, had significantly increased Crs. This provided physiologic support for the large trial from Garite et al that demonstrated improved respiratory outcomes after a rescue course of antenatal steroids. 17 The purpose of our present study was to test the hypothesis that late preterm infants born at 34 24 hours apart with the first dose given within 7 days of delivery, or treatment with at least 1 dose of betamethasone at least 6 hours prior to delivery; and (3) pulmonary function test done within the first 72 hours of life and prior to surfactant therapy if required for clinical care. The comparison group was comprised of infants whose mothers had not received antenatal steroids before delivery (because of late arrival to the hospital or maternal conditions requiring imminent delivery) and who were matched as closely as possible to the study group for birth weight, gestational age, race, and sex. We excluded patients born to mothers with insulindependent diabetes, multiple gestation greater than twins, clinical chorioamnionitis, major congenital anomalies, or chromosomal abnormalities. Gestational age was defined according to the date of the mother's last menstrual period, if known and reliable, or by ultrasound if done before 20 weeks of pregnancy.
Our primary outcome was comparison of respiratory compliance between the 2 groups. We also measured FRC in the 2 groups of patients and monitored other pertinent clinical respiratory outcomes as secondary outcomes.
Infant pulmonary function tests were measured with a computerized infant pulmonary function cart (SensorMedics 2600; SensorMedics Inc, Yorba Linda, California). Crs was measured with the single-breath occlusion technique and FRC with the nitrogen washout method. 14, [18] [19] [20] [21] [22] These measurements can be performed in nonintubated and intubated infants.
Crs was measured with the single-breath occlusion technique [14] [15] [16] 18, 21 while the patient was supine and quietly asleep. During this test, the airway was briefly occluded at end inspiration until an airway pressure plateau was observed, invoking the Hering Breuer reflex. Respiratory system compliance and resistance were calculated from the passive flow-volume curve and total Crs was related to body weight. Acceptance criteria as per the American Thoracic Society and European Respiratory Society included (1) stable end-expiratory baseline; (2) plateau pressure lasting >100 ms; (3) plateau pressure varying by < ±0.125 cm H2O; (4) acceptable flow-volume curve by visual inspection, with linear data segment identified; and (5) at least 10 breaths accepted with a coefficient of variation <20%. 18, 23, 24 For intubated infants, testing was done prior to surfactant therapy on ventilator settings to give tidal volumes of 4-6 mL/kg and on a positive end expiratory pressure of 5 cm H2O.
For the nitrogen washout technique, 14, 16, 19, 22 calibration was performed with 2 known volumes, and a calibration line was constructed for the system at the specific flow rate. The calibration curve was then used to correlate the nitrogen washed out to the infant's FRC. The system corrected for dead space present and corrected the FRC to body temperature, pressure, and water-saturated conditions. Total FRC was related to body weight. Acceptance criteria included (1) infant supine and quietly asleep; (2) test initiated at end expiration; (3) no evidence of leak on tracing of the washout; (4) consistent tracings; and (5) at least 3 measurements with a coefficient of variation of <10%. 18, 23, 24 Clinical respiratory outcome measures including need for continuous positive airway pressure (CPAP), need for oxygen supplementation, surfactant administration, hours on CPAP, and hours on oxygen supplementation were also monitored. CPAP was initiated for grunting, increased work of breathing, and tachypnea. Surfactant was given to patients with moderate to severe RDS. Surfactant was administered within the first 24 hours of life if the patient required >0.40 fractional inspired oxygen concentration (FiO2) to maintain adequate pulse oximeter oxygen saturation (SpO2), had a pH <7.25, and/or had increased work of breathing despite adequate CPAP. In addition, oxygen supplementation was initiated if the SpO2 was lower than 90% in our late preterm infants.
Statistical Analyses
We have previously reported a 50% increase in Crs and FRC in preterm infants (about 30 weeks of gestation) treated with antenatal steroids within 7 days of delivery compared with matched untreated controls, 16 reflecting both the biochemical (surfactant induction as reflected in increased Crs measurements) and structural benefits (as reflected in the increased FRC or lung volume measurements) of antenatal steroid therapy. Epidemiologic data show late preterm infants have increased respiratory morbidity compared with term infants because of increased RDS and TTN. For our present study, we hypothesized that late preterm infants 34 0/7 -34 6/7 weeks of gestation treated with antenatal steroids would have significantly higher Crs compared with matched untreated infants. Given the more mature gestational age of the late preterm infant compared with the patients in our previous study (about 30 weeks), 16 we estimated that to show at least a 25% difference in Crs between groups, we would need to study about 25 patients in each group to reject the null hypothesis with a type I error of 0.05 and a power of 80%.
Differences in continuous variables, including respiratory compliance between the 2 groups were analyzed by 2-tailed, Student t tests. Mann-Whitney U test and Wilcoxon signedranks test were used where appropriate (for data not normally distributed). Categorical variables were evaluated with c 2 tests and Fisher exact tests where appropriate. Data are expressed as mean ±SD unless otherwise indicated.
We matched 25 infants who did not receive antenatal steroids before delivery as closely as possible to the 25 antenatal steroids-treated late preterm infants on the basis of gestational age at delivery, birth weight, race, and sex. This approach 25 was used to compare respiratory compliance/kg and total respiratory compliance in the treated and untreated groups (primary outcome). Mixed linear modeling for continuous variables and mixed logistic modeling for categorical variables were also used to compare differences in secondary outcomes between the groups. This approach accounts for the correlation (nonindependence) between twins and allows for adjustment for additional covariates and potential confounders. Our model included the important covariates of maternal smoking, mode of delivery, and twin gestation. Other potential covariates included in the analyses were gestational age, birth weight, race, sex, the primary etiology of the preterm delivery, and rupture of membranes. We used SPSS for Windows v 22.0 (SPSS Inc, Chicago, Illinois) and SAS v 9.4 (SAS Institute Inc, Cary, North Carolina) for analyses.
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Results
The primary reason for preterm delivery in both groups was preterm labor, followed by hypertension/preeclampsia and antepartum hemorrhage ( Table I ). The antenatal steroidstreated group included 7 sets of twins and the untreated group included 5 sets of twins. Both groups had the same percent of Caucasian and female infants, and similar birth weights. The mean gestational age of the treated group was 34.1 vs 34.3 weeks in the untreated group. This was statistically different because of the very narrow gestational age range in the treated group (34.0-34.1 weeks) but had no significant effect on outcome when added to the statistical model. There was no significant difference in maternal smoking, mode of delivery, twin gestation, the primary etiology of the preterm delivery, or rupture of membranes between the groups ( Table I) .
The late preterm infants who received antenatal steroids had significantly increased respiratory compliance, normalized for body weight and total respiratory compliance (Table II) when compared with the untreated infants. These differences remained significant after accounting for the correlation between twins, and using mixed linear modeling to adjust for the confounding variables of maternal smoking, mode of delivery, and twin gestation. The mean Crs normalized per kg in the antenatal steroids-treated group was 25% higher than in the untreated group: 1.33 vs 1.06 mL/cm H2O/kg (adjusted 95% CI for difference 0.05, 0.49; P = .016). Mixed linear modeling showed that the variables of birth weight, gestational age, race, sex, primary etiology of the preterm delivery, and rupture of membranes were not statistically significant when added to the model containing only treatment group.
Secondary outcomes were also compared accounting for the association between twins, and using mixed linear modeling (continuous variables) and mixed logistic modeling (categorical variables) to adjust for the potential confounders of maternal smoking, mode of delivery, and twin gestation. Although the study was not powered to detect differences in FRC between groups, FRC was measured (at the same time as Crs) in 24 of 25 of the treated and 20 of the 25 untreated infants. Measurement failures were due to inability to meet standard testing acceptance criteria. There was no significant difference in FRC with both groups having mid normal values (27.8 mL/kg in the antenatal steroids-treated group vs 25.4 mL/kg in the untreated group; adjusted P value = .260; Table III ). There was no difference in respiratory resistance between groups. Respiratory compliance per mL of FRC (specific compliance) was higher in the treated compared with the control group (0.0480 vs 0.0410; P = .093). However, our study was not powered for differences in FRC and there were some missing FRC values. Although the study was also not powered for clinical secondary outcomes, there was a significant difference in the need for CPAP, with 16% in the treated group requiring CPAP vs 68% in the untreated group (P = .007). Also, 12% of the patients in the treated group required >24 hours of supplemental oxygen vs 48% in the untreated group (P = .046; Table III ). There was no significant difference in surfactant therapy (8% vs 12%), RDS, hours on CPAP (median values 0 vs 11 hours), or hours on oxygen (median 0 vs 18 hours) between the groups.
Discussion
This prospective cohort study demonstrates that late preterm infants (34 0/7 -34 6/7 weeks of gestation) treated with antenatal steroids as part of clinical care prior to delivery had significantly increased Crs (25% higher) compared with matched infants who did not receive antenatal steroid therapy. This increased Crs also correlated with improved clinical respiratory outcomes, as significantly less of the infants treated with antenatal steroids required any CPAP and significantly less required more than 24 hours of oxygen therapy. This study suggests that infants delivering as late preterm infants could benefit from antenatal steroid therapy with an increased Crs after delivery. Our study is limited by the fact that it is not a randomized trial, and it was completed prior to the publication of the recent randomized controlled trial (RCT) 11 of antenatal steroids vs placebo to women at risk for late preterm infant deliveries conducted by the National Institutes of Child Health and Human Development Maternal-Fetal Medicine Units Network. Therefore, at the time of our study, it was still standard obstetrical practice to limit use of antenatal steroids to women at risk for preterm delivery at <34 weeks of gestation and we report data on infants born at the beginning (34 0/7 -34 6/7 weeks of gestation) of the late preterm gestational age range. The study would have been strengthened by measurements of biomarkers for lung maturity 26 to help further define the mechanism of benefit of antenatal steroids on respiratory compliance in the late preterm infant. Also, 6 of the 25 infants treated with antenatal steroids delivered less than 24 hours after initial antenatal steroids dosing, so they may not have received the maximum clinical benefit from the antenatal steroid therapy. However, studies in preterm lambs 27 have shown that changes in postnatal pulmonary function and decreases in pulmonary edema occur after about 8 hours of exposure to antenatal steroids, thus, Crs measurements in these 6 patients should still reflect partial benefit of antenatal steroid therapy. Despite these limitations, this study adds important physiologic data for late preterm infants born at 34-35 weeks gestation after antenatal steroid therapy.
The strengths of our study include patient populations well matched for factors known to affect pulmonary function including birth weight, gestational age, race, and sex and also the adjustment for the correlation between twins. There were also no significant differences between groups in other important covariates that can affect pulmonary function testing such as cesarean delivery or maternal smoking during pregnancy, 18, 28 and our results were adjusted for maternal smoking, mode of delivery, and twin gestation with mixed linear modeling or mixed logistic modeling. In addition, our study reaffirms that pulmonary function tests, and specifically Crs measurements, can reproducibly quantify pulmonary responses to antenatal steroids and these measurements correlate with clinical outcomes. Our data provide physiologic support to the recent large randomized trial of antenatal steroids in late preterm infants.
11
Initial randomized trials of antenatal steroids [8] [9] [10] included few patients treated after 33 weeks because of accepted dogma that beyond 33 weeks the premature lung had achieved both biochemical/surfactant and structural maturity with the establishment of alveoli during the saccular phase of lung development. 29 Current data show that late preterm infants have increased respiratory morbidity compared with term infants. In a contemporary cohort of 233 844 deliveries, the odds of RDS were increased 40 fold for newborns born at 34 weeks and decreased with each advancing week until 38 weeks. 30 That study included 19 334 late preterm infants and demonstrated differences in the incidence of respiratory distress between 34, 35, and 36 weeks as a whole, as well as a range of maturation within each gestational age. 30 There is increasing appreciation that lung maturation is a complex and dynamic process, and developmentally, the late preterm lung is more similar to the more premature lung than the term lung. Values are mean ± SD, mean difference (95% CIs), and P values. *Adjusted for correlation between twins and maternal smoking, mode of delivery, and twin gestation with mixed linear modeling. Even in the absence of initial clinical respiratory disease, late preterm infants have increased wheezing and asthma, and altered pulmonary function tests that remain decreased over time compared with those of term infants. 29 In addition, lung maturity does not assure adequate fluid reabsorption after delivery, and retained lung fluid can also lead to respiratory distress and need for support. Antenatal steroids could work by induction of the surfactant system, induction of structural lung maturity, and/or by stimulation of the epithelial sodium channel, an important determinant of fluid reabsorption after delivery. 31 The increased Crs demonstrated in the infants treated with antenatal steroids in our study could have been due to decreased RDS and/or TTN, entities that can sometimes be difficult to differentiate in the late preterm infant. Based on our physiologic measurements of FRC and on the comparable surfactant dosing between the 2 groups of patients, we speculate that the increased Crs was primarily due to decreased TTN. Although not powered for FRC measurements, there was not a significant difference in FRC between our groups which would be more consistent with TTN.
The large RCT 11 conducted by the National Institutes of Child Health and Human Development Maternal-Fetal Medicine Units Network randomized women at high risk for late preterm delivery (34-36 weeks) to a course of antenatal steroids (betamethasone) vs placebo. They reported a significant reduction in the need for respiratory support within 72 hours after birth (primary outcome) in the group treated with antenatal steroids (n = 1427) compared with the control group (n = 1400). The rates of severe neonatal respiratory complications, TTN, and surfactant use were also significantly lower in the antenatal steroids group. 11 Neonatal hypoglycemia was significantly more common in the antenatal steroids group than in the placebo group, although the rates of hypoglycemia in the antenatal steroids group were similar to those expected in late preterm infants. 11, 13 The need for CPAP in our study was 16% in the antenatal steroids-treated group vs 68% in the untreated group. The primary outcome of our study, physiologic data of increased Crs in the antenatal steroids group, supports the results of the RCT for decreased rate of neonatal respiratory complications in late preterm infants, although we included twin gestations and patients with antepartum hemorrhage in our study. Of interest, 2 trials included in the Cochrane Systematic Review showed a significant reduction in RDS in babies exposed to antenatal steroids between 33 0/7 and 34 6/7 weeks of gestation. 8, 32, 33 There was no difference in the use of surfactant (RDS) in our patients (8% vs 12%), but this rate of RDS is comparable with the 10.4% incidence reported at 34 weeks in a recent large review. 30 Other smaller RCTs involving antenatal corticosteroids at 34-36 weeks of gestation have been published, [34] [35] [36] although these studies were inconclusive because they had substantial loss to neonatal follow-up 34 and had exclusions after randomization. 35 A recently updated Cochrane Review has included these randomized studies of antenatal steroids in late preterm infants. 36 Respiratory compliance is significantly increased in late preterm infants (34 0/7 -34 6/7 weeks of gestation) who received antenatal steroids prior to delivery compared with matched untreated infants. Although not randomized, these pulmonary function data support the possible beneficial effects of antenatal steroids in late preterm infants. We speculate that the increased Crs could be secondary to enhanced lung fluid reabsorption and/or to decreased RDS. ■
